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determine' (1) whether there .a true developmental differences in
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- was completely unfanz} ar to- the subjects vwas used, so that subjects

. could. not base their E sponses on previous Statements of parents or

.‘ teachers. Results 1nd§ ted a clear developmental differencde, In .

order to genérate pla ible interpretations of this finding, an
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involved in perforllng\ -he experimental task. Various developmental ,
differences were tested using an interactional strategy. Siegler and _
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B _The work that I am going to talk about -today is in the area of children's' causal

’ -~

reasdéning. However, the issues that I hope"to raise go beyond the topic area and

concern how we can best uncover and explore developmental differencegdin.chfiareﬁlé
'reascning. ﬁirst, 1‘w11i describe how a dérelopmental difference in causal 1ng‘
. _ . : : . e
( was uncovered in en'earlier experimentt “Then I will talk about;a'recent study in
which various explanations for the developmentzl difference’ were ‘tested. Finally, I

-

- will point to ag:e broader ramifications for the investigat{on of cognitive develop--

. ..‘ \ . . . ] - - - .
ment. ' N - o B
, . . . oy, N
- b . . . . »
Most tasks used in stulying caﬁsal reasoning°are taken directly from Piaget's
. “-work. Ch1rdren are asked’ questaons such as "What causes the tides?' of "What causes
. ‘the wind?tr Older children tend to respond with answers such as "the mqon," "gravity,"
‘\J ‘ ' . ' . . .
L and "air currents." Younger ones, by contrast,' indicate that thelr”fathers ‘or God are

K*-o.l»" *

(:i) the sources of causation 8 On the basis of such evidence, Piaget and sulssequent in-

-

’

fa:' vestigators have concluded that the caisal reasoning of older ch11dren is more loglcal

(-Hs’ than that of younger ones. Yet are the changes on such'problems in the area qf Iogica

* n

or are they changes in simple factual knowledge? Newton did not discover the law of

/“3
7/ ‘a»

‘42§ wgravlty unt11 the 17th century. The relat1onsh1p of the moon to the tides Was&known

e

ear11er to sea-faring cultures but what is the likelihood that contemporary‘8- or &

_year olds wou{g\i?scover them on_the1r own? It seems most/proveblc thax‘%uch

\

v
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L S AN
traditional questions do-not evoke . children's logic at all, but rather‘Ehgir,
remembrance of the sophisticated explanations of parents and science teachers, §~k

S
%,

To ‘determine whether there were true dQVelopmental differences in cauéal reason~“§;
X

;
ing, then, a totally unfam111ar problem was needed in wh1ch children could not rely

on previous statements of parents or teachers; each ch11d would evaluate the samg
data with no directly relevant nrior knowledge. In the task used, children were
‘.

asked to determine which of two possibilitie§ was causing an electric light to go on:

it could either be tHe activities of a perceptually salient "combnter" with orange,

e

‘ . 2 .
~green, and red blinking ‘lights or the insertion of an IBM card intoznlumadorned gray

- L4 :

"card programmer.' . The comnuter onerated on a preprogrammed moderately complex

4 0

cycle, its act1v1t1es were uncorrelated w1th the light Zﬂlb's onset. By analogy, it

: represented all the activities‘occuring in the world simultaneously but unrelated to

. : . r
the event to be explained. On the other hand, insertion of the caid into the card

Y . - ‘ . 3

programmer represented a, specific possible cause with a specifiable relatiqnshin'to

.
° .«

the light'bulb'e onset.’ s : S .

~

In ghe initial experiment (Siegler'a Liebert, 1974);‘we were lnterestedjin the
clasgic causal variables of contlgu1ty and regularity; we var1ed them in a simple
factorial array. Thus, some of the five- and some of the e1ght-year -olds saw the
l;pht bulb go on every time 1mmed1ately after %he card was inserted into the program-

mer (contiguity’ and~regularity); some saw it go on immediately after the card's in- .

sertion on Qne;half of trials and not at all on the other one-half (contiguity with=

' out regularity); some saw it go on every-time but only after five seconds had passed
: £4 _ : )

.
\‘l

[Kc

wll Toxt Provided by ERIC

s§ince insertion (regularity without contiguity); and the ‘remaindet saw it flash on

+

only one-half of trials and then only after five seconds had passed (neither con-

L]

t1gu1ty nor regularity). : ' } ','y. ’i o . P

The results.of thls 1n1t1al experiment indicated, a clear deVelopmenRal differ- .

ence. Both five- and elght year -olds chose the card progranmer as. the causal agent

7",' EEEE BT L IR
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more often when the pa151ng had been temporally contiguous than when it had been
delayed but only the older chlldren chose it more often when tﬂe l1qht bulb went: dn

every time than when it went on only one-half of the time. - S

At this point, the likelihood that.thereAexisted'a true develo@f@htal difference

in the effects of regularity on causal reasoning seemed quite great, but its explan-
-~ : ' . - .

ation remained unclear. There were two major conceptual problems in appgoadhing the
explanatory issue: how to generate Rlausible interpretations and how to determine

which of the plausible interpretations’ were in fact effective. The first problem was

’ +

solved by constructing an information processing model of the steps necessary to do
the task--lt was assumed that the -source of the developmental difference would lie in

ab111ty to perform one or more of these processes. The Second problem, testing the !
2 - '
1nternretatlons was resolved by adoptlnp an 1nteractlonal strategy Specifically,

-]

4

children of Tfferent ages were presented different versions of the basic task: The
versions d1ffered in their demands that partlcular component steps within the infor-

mation processing model be performed. Presumably, if the developmental difference

resided in unequal ability on a particular process, then removing the neéd to do that
step would reduce the difference between age prouns. Removing a step that was not art.

/
Aimportant source of the 1nequa11ty would by this log1c, leave the difference jintact.
-

o In thé‘current-exper1ment, I applied this strategy to analyzing Siegler and
»

Liebert's (1974) regularity without contiguity task--the task in which the light

bulb went on each time the card was inserted .into the card programmer but only after
a five-second delgy The 1nformat10n processing model for the problem is quite com-.
plex and evidence necessary. to fill in certain portions in dete}l is lacking, but the

basicboutlines"can be conveyed in terms of a few broad steps. First children need

to accurately encode the 1nstruct1ons and to dec1de on cr1terlaofor when they w111

e i

infer causatlon. Vext they need to note that despite occa51onal contiguous pafrlngs,

. i
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: there is no- cons1stent correlatlon between the activities of the computer 11phts andw.
the light bulb's g%set and that there is a regular relatlonshlp between the bulb's

S onset and the card's 1nsertlon. Making th1s latter connectlon ‘demands the abil1ty to -

<2 represent temporal- intervals in memory,‘to compare them, and to note the1r equallty

[y

‘or'inequality.l Flnally, on the basis of this knowledge, ch11dren must 1nfer that the

\ A ~

re1at1onsh1p between the card's insertion and the light bulb's onset\1s causal while

the relatlonshlp between the bulb's onset and the b11nks of the computer 11ghts is
‘(’\\\ : , : . , ,

/ "This model suggests‘é%number of possible sources, of the developmentai differﬁnce. "

Younger ch11dren could fail to conciude that the card's insertion caused the llght to
go on because they misencoded the 1n1t1a1 instructions; because they were unable to

; | . :
7’: _ rule outia rela; 1onship b tween the computer lights and the light bulb's flashes; - e

becauSe shortco ings of memory prevented them from representlng, comparlng, ‘or noting
| \

-~ the equality of the five- second perlods between the card's 1nsert10n and the 11ght'

onset; or\beca se they noted all relevant relatlonships but did not infer that the
-

card programme was causal Each of these explanatlons was tested 1n turn; however,

before dolng sp, an effort vas made to rule out two alternatlve explanat1ons, ex-
J

trinsic to the information processing model but pos51b1y relevant ﬁo oxnlalnlny the

1

developmental difference. o - .

One alternatlve hypothesls concerned the social psychologlcal phenomenon of

\ s

commitment. In the earller\\xDerlment ch11dren were asked to 1dent1fy the causal

L

aéent each time the 11ght)bu1b went on, including the first tr1a1,fbefore any regular-

a B

relationship could have bécome apparent. TheIVery act of meking judgments may have

@

L X . = . . o o o oo
produced in kindergarteners an;nxifacﬁua1commitment to continue chooslng’a Speclflc

p0551b111ty seemed espec1a11y plauslble because over three-fourths of the ki
/
-garteners 1n the ear11er exnerlment had chosen the same object as caUSal on a11 six

S 9434;05 | |
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tr1als, compared to roughly one- fourth of third graders. Therefore the procedure

was changed so ‘that no résponse was requested until the light had gone on six t1mes.

A}

Under this cOndltion as prev1ously,'older chlldren were substantlally more 11kely‘to

{.
' éhoose the card programmer as the causeé when there was a regular five-second delay

between the card's 1nsert10n and thetllght's onset than~when there was no condistent

relationship. Younger ch11dren were unaffected by the regularlty relatlohshlp ., The

‘.absolute numbers were quite dramatic; all 12. of the older ch11dren in the regularity’

condition chose the card programmer as the causal: agent versus only 5 of 12 of the

.younger ones (Table 1).
The second alternatlve that I wished to rule out mas the poss1b1l1ty th§§§ﬁounger
f v

¢hildren processed the information in baslcally the same way as older ones,‘but.were.

slover either in rejecting the inconsfstent relationship or in detecting the consister

one. To test this hypothesis, the length of the trials periodans doubled; rather -

than seeing the light Wb govon 6 times, children saw it go onn12 times; .in each
case 5 seconds after the card had been inserted into. the programmer. This longer

. trials per&od-had no effect; only 4 of the 12 kindergarteners chos;.the'card pro-

) s @- < ’ ‘ ’ @ .
grammer as the éausal'agent»compared to 5 of 12 in Experiment 1 (Table 1). It thus

appeared that the‘developmental'difference might be‘accounted for by one or more of

’

the operations spec1f1ed in the- 1nfbrmat10n processing model : " 3
- F1rst)the poss1b111ty was tested that the younger ch11dren in fact had gathered

all ‘of the 1nformation about-the-relatlonshlns of,the comnuter s and card proprammer's
- p
aCthltles to the light bulb's onset but that on the basis of this 1nformatlon they

Al

were reluctant to 1nfe¥'that the one relationship was causal. To eliminate the need

to draw this inference, a second dgpendent measure was added. After the trials

period, the 1ight bulb was unscrewed* children were tgld that the'experimenter'would
W® o

turn the compdter and card nrogrammer back on and that they should nress the buzzer

‘gmhen th%y thought the llght bulb would have gone on 1f 1t Te st111 screyed in.
: N D0606 /\
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computer and card programmer were switched back on, and the timing of the bufzer
. . s -

. L4 i
press was recorded. ‘:After this, children were asked what they thought had Jaused

the light'to go on. If*dlfferentlal criteria for draw1ng the causal inference was

1

the source of the developmental d1fference, younger children's buzzer presses pre-
0

~ sumably would be as-accurate as those of older children, but the differences on the

verbal measure would be expected to romain.’ | ' B ’

In fact the nonverbal measure! eF knowledge(/evealed a very similar’ pattern te
the verbal one. Of the 10 th1rd graders, 9 pregsed the buzzer within two and one-
half seconds of when the I;ght would have gone on--that is, at least two and one-half “-;
and no more than seven and one;half seconds after the edrd had been inserted into the .
programner. Only 4 of the 10.kindergarteners‘netkthis criterion of accuracy. Es- |

pecially interesting, the children whose buzzer presses were accurate almost always

chose the card programmer as the causal agent, whereas Few whose presses were inac-

< 1

‘curate did (Table 2). Thus;‘the developmental difference was not'due to differential

o
-

Cav

standards for§§hferring a ‘causal relationship
¢ .

The. next step was to test whether the dlfference was due to m1sencod1ng of the

instructions. ‘Specifically, it was vpossible that when told to find out which object

waséﬂausing the light bulb'to;go on, younger children precluded the bossibility of

- a delayed but regular relatidnship, due to a more restricted definition of what con:

stituted a cdyse. "To eliminate -this potential source of difficulty, the instructions
were changed so that children were asked to find out what told them when the light

would go on. .

Again; the develepnental difference rem ed--8 of the 10 older children had

~

accurate buzzer presses versus 3 of 10 youfiper ones. Thus, misencoding of instructions

was rejected as an explanation. J : |

Finally, an attempt was made to determiyeiwhether the developmental difference
was due to an absolute,inabilit& of the younger.children to represent in megory, com-

-
"

90607




"',ers would be expected to disappear.

pare, and note the equality of the temporal delays between the card's insertion and

~

the light.bulb's going on., or whether the distracting qualities of the compufbr were
responsible for the difference. To test these alternatlves, the ;Omputer was re-

moved. In all other respects, the procedure was 1dent1ca1 to earlier phgses; for
obvious reasons, the buzzer press measure was the only one used. Lf/chQZevelonmental

difference was in absolute ability to represent temporal delays in memory, the differ-

. [

ence would be expected to remain. On the other hand, if the distracting influence of

the computer were responsible, the'difference between third graders and kindergarten-
S -

“Under these conditions, the developmental difference did disappear. Only one
L

more 01der than younger child produced an accurate buzzer pressd-7 Yversus 6. Thus,

the problem was not -in memory for the temporal duratlons but rather seemed to be 1n .

ability to overcome the distracting influence of the computer s llghts or to reJect
Y

their role as p0551b1e.causa1 agents. Tegslng out the precise nature'éf the difficult

‘caused by the coﬁﬁiter's activities is thL next step. . ]
, ° ¢ I . AN

This strategy seens applicable to a wide variety of problems in cognitive dev-

4
: elopment. A number of consistent developmental differences have been uncovered--ln

conservatlon, ser1at1on, class inclusion, probability learnlng, hypothesis testlng,
and other.tasks. Many competlng explanatzons have been proposed but -rarely are these
compet1ng explanat1oEs testé% agalnst each other within the same procedure. This pre-
cludes direct compar1sons of the strengths of factors hypothe51zed”to be central by
different theor1es, ItValso increases.the number of pr0cedura1 variables confounding
theoretical interpretations;whilevleaviYg unspecified their effects. Use of inter-

.actional designs, varying’the age of the learner and the demands of the basic task,

lcan alleviate these problems. *ﬁn addltlon,b proceedlng in the present way allows
\
»

vstrong.reJectlon of the importance of certain theoretical explanat1ons. F1na11y, the

R . \ .




approach suggests a method for convergent validation of interpretations.

'processes undarl ing developmentaldifferences on a task are understood,

o

o of two apprbacﬁes should be sufficient to narrow the gap in performance:
~ the' task,rbyugl‘iminat-ing the hypptheéized soqrcc of difficulty, or changing the

child, by engendering mastery of the relevant

’
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Table 1 ™ ,
‘ - Kindergarteners'. and third gréﬁersi;causél'infeféhéesa' 
\ . . . | \\N
A. Experiment 1 -- 6 trials
’ Chose card program " Chose computer *
e Third grade A o —~
* Regularity ’ 12 : 0
« ' Non-regularity 6 A 6
i ~ Kindergarten ‘
' Regularity 5 : 7
‘ » L . - : Wy,
oo " Non-regularity ‘ 2 R 10
’ ~ . —. — —
' B, -Experiment 2 -- 12 trials
Kindergarten Y
~ Regularity ' 4 -8

8 -

®

%Entries in table refer to absolute number of children choosing

object as.causal agent (N = 12/condition)
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% ) e ' » N o ) . ..f . Table 2 ._ /:/ v . T,
e Kindergarteners' and third graders' = ;
. ) .o . . . . . - » .
- . . . v .
y . . . - . a -
e buzzer presses and causal inferences® .
. - 4 . . . ) ‘ ’ B ‘ ’
el s T gyeriment 3) S
B - ) o o e R s
A . S o, Ae - . R : . . - ’
'Y . _ . )
- - . S S T e o , . R
T : . DI — i — - - —
': SN - TN B : N
o e : .  Chose; ,carcf rogrammer . Chose computer
R - . ~'. O v) ] ~ ] K N ] - \/_'u - N ;U 0
N . ‘o . - ‘ . 3 ., -
L, E -~ Third. Graders . L - LT

R ,14_ ~ . 'Accurate presses . g - I 1
T - Inaccurate presses . . = -1 Ly, o 0.

o . . S

L e ,'Kihdéi'g rteﬁ_ers . .
. ‘ P . Accurate l;‘ress.es, 2 : g ' 5
. ' . . . ¢ .
,: K - Inacéprate presse 1 . N 3y .5
; ' —— — v ‘
s, : } = . . .

'-'.iaEhtri‘es.in Table refer to abSolute numbers of children
L " : . . -— " | ¥ - . . . .

- a k)

. choosing object a§ causal agent (i = 10/age group)
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